Abstract -A correlation was found between the measured refraction index of royal jelly and its water content as determined by vacuum oven drying. Twenty-seven different royal jelly samples were analysed for their water content by performing 24 hour vacuum drying at 48
INTRODUCTION
Royal jelly (RJ) is the hypopharyngeal gland secretion of young nurse bees used to feed young larvae and the queen bee and has a fundamental role in caste differentiation. The spectacular fertility and long life-span of the queen bee are responsible for the strong appeal of this product on consumers. RJ is marketed in various forms, raw (fresh), freeze dried and in preparations (Bloodworth et al., 1995) . Most of the RJ marketed in Europe is imported from China, the world largest producer, but in the last years the interest of European beekeepers for the production of RJ increased. This brought researchers, producers, importers, private laboratories and control agencies to create a working group of the International Honey Commission (IHC, 2004) to define a standard that establishes a defini-tion of the product, parameters and analytical methods for quality control. In this scope, a new method for the determination of RJ sugars was developed (Sesta, 2006) .
The composition of RJ was studied by several authors, but data available in the literature are affected by a considerable variety, partly because of the intrinsic variability of the product, partly because of the use of different analytical methods. According to several studies the water content of the product lies between 60 and 70 g/100 g (Pourtallier et al., 1990; Lercker et al., 1992; Piana 1996) . Besides water, the main components of RJ are sugars (18-52% dry weight), proteins (17-45% d.w), lipids (3.5-19% d.w.) and minerals (2-3% d.w) (Piana, 1996) .
RJ water content is an important quality criterion and its determination is always a part of the quality control on raw RJ. Up to the present several methods have been used: Karl Fischer method (Serra Bonvehi, 1991 Bonvehi, , 1992 ; Garcia-Amoedo and Almeida-Muradian, 2002), desiccation by sulphuric acid (Garcia-Amoedo and AlmeidaMuradian, 2002 ) and different drying methods: freeze drying (Pourtallier et al., 1990; Lercker et al., 1992) , oven and vacuum oven (Palma, 1992; Garcia-Amoedo and AlmeidaMuradian, 2002) , infrared (Garcia-Amoedo and Almeida-Muradian, 2002) . These methods were compared with each other and it was found that most of them yielded different values. Drying at 60
• C yielded the same values as the Karl Fischer method (Garcia-Amoedo and Almeida-Muradian, 2002), which is considered as the most precise method for humidity determination in food.
All these methods are time consuming or require specific equipment. An early Russian work reported on the relationship between humidity and refractive index in RJ (Braines and Gamov, 1962) . However, as it is an institute report, inaccessible to the general public, its results (in the form of a humidity vs refractive index table) are reported in a Bulgarian book (Shkenderov and Ivanov, 1983) . We conducted the present work to verify whether the simple refractive index measurement, already used for honey moisture determination (Wedmore, 1955; Bogdanov et al., 1997) , also could be reliably used for routine control purposes for RJ.
MATERIALS AND METHODS

RJ samples
The study was carried out on 27 RJ samples of different origin. Nine samples collected from April to September 2005 were provided by Italian producers, eight samples were imported from unknown countries and ten samples were produced by our Institute's beekeeping farm during 2005 Spring. All samples were kept refrigerated, in tightly sealed containers, at ca. 4
• C for no more than 18 months before measurement. Both a vacuum oven (VO) drying method and a refractive index (RI) measurement method were applied to the 27 samples.
Oven drying method
For determining the RJ water content a vacuum oven (VO) drying was chosen as the reference method for comparison with the refractive index measurement method. Due to vacuum which accelerates water loss, the VO method can employ lower temperatures than simple oven drying. Consequently our drying method used 48
• C. The VO method for determining the water content in RJ requires some care. To enable complete water loss, the sample has to be spread in a thin layer on a wide surface. However, in the weighing step, this causes a visible loss of water by evaporation, producing an unstable and continuously decreasing reading of the weight on the scale. To obtain an accurate measure of the processed RJ amount, the VO method was performed as follows:
-The oven (ISCO, model NSV 9035) and the vacuum pump (KNF, model N86KT 18) were turned on two hours before inserting the samples; the temperature was set at 48
• C, the vacuum reached was higher than −800 mbar, resulting in a pressure lower than 200 mbar.
-The Petri dish where the sample was to be spread was weighed on the analytical scale (Mettler-Toledo, precision 0.1 mg) and its weight was recorded as "Petri". -The clean spatula to be used for spreading the sample was weighed on the analytical scale (and its weight was recorded as "clean spatula"). -A homogenized RJ sample aliquot of approximately 3 g (technical scale) was transferred to the Petri dish as fast as possible and immediately weighed at the analytical scale (recorded as "Petri + RJ"). -Using the weighed spatula the RJ was carefully spread uniformly over the dish surface, then the spatula, on which some residue of RJ remained, was weighed again and its weight recorded as "dirty spatula" (to take into account the small amount of sample left on the spreading tool). The accurate amount of RJ sample processed was calculated as:
The Petri dish was then transferred to the VO and kept there for 24 hours. -After that time the dried sample was transferred into a desiccator, kept there for fifteen minutes to reach ambient temperature and then weighed in the analytical balance.
The repeatability of the VO method was evaluated performing six determinations on the same RJ sample.
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Refractive index method
The measurement of the RI for the RJ samples was performed using an Abbe refractometer (ATAGO, model 3T) connected to a thermostated water bath (Frigiterm, P Selecta) that kept the temperature constant at 20
• C. The sample was kept in a refrigerator up to thirty minutes before analysis and then left to equilibrate at ambient temperature. The RI was measured on an aliquot of a carefully homogenized sample, without any other preliminary treatment. The sample was left in the refractometer to equilibrate thermally for two minutes and then the reading was performed. The refractometer was then cleaned and dried before the measure of the next sample.
The repeatability of the RI determination was evaluated performing 10 subsequent measures under repeatability conditions on the same RJ samples used for testing the repeatability of the VO method.
Statistics
The repeatability tests for the RI measurement and for the VO water content determination were performed to evaluate their repeatability, intended as "closeness of the agreement between the results of successive measurements of the same measurand (quantity intended to be measured) carried out under the same conditions of measurement" (ISO V.I.M., 1993). Replicate measurements or determinations were thus performed under "repeatability conditions" that include: the same measurement procedure, the same observer, the same measuring instrument, used under the same conditions, the same location, repetition over a short period of time (ISO V.I.M., 1993). As repeatability may be expressed quantitatively in terms of the dispersion characteristics of the results (ISO V.I.M., 1993) it was expressed in the form of an expanded uncertainty on the result at a 95% confidence level. The expanded uncertainty is used to provide an interval which may be expected to encompass a large fraction of the distribution of values which could reasonably be attributed to the measurand (UNI CEI ENV 13005, 2000) . From the repeatability tests an experimental standard deviation s r was obtained and this value can be considered (EURACHEM/CITAC, 2000) an estimate of the standard repeatability uncertainty (the component of the uncertainty on the determined value due to the repeatability of the measure, expressed as a standard deviation). To obtain the expanded repeatability uncertainty at a 95% confidence level U r, 95% we have to multiply the s r by the coverage factor k 95%, ν = n−1 relative to n-1 degrees of freedom (U r, 95% = k 95%, ν = n−1 · s r ). The coverage factor k is the two-tailed value of Student's t for the number of degrees of freedom associated with the study replicates, and for the 95% confidence level.
RESULTS
RI repeatability
The results of the repeatability test for the refractive index measurement are shown in Table I . The standard deviation determined for a ten replicate set of RI measurements performed under repeatability conditions was s r (RI) = 0.00013 RIU (refractive index units). This value can be considered an estimate of the standard repeatability uncertainty. To obtain the expanded repeatability uncertainty at a 95% confidence level U r, 95% (RI) we have to multiply the s r (RI) by the coverage factor relative to nine degrees of freedom (k 95%, ν = n−1 = 2.262), thus obtaining U r, 95% (RI) = k (95%, ν = n−1) · s r (RI) = 0.0003 RIU.
W VO repeatability
The results of the repeatability test for the vacuum oven method are also shown in table I. For the water content results obtained by the VO method (W VO ) we calculated the expanded repeatability uncertainty at a 95% confidence level U r, 95% (W VO ) = 0.28 g/100 g RJ. The 48
• C temperature used for the VO method resulted in no brown superficial crust, which prevents complete evaporation of water at higher temperatures. After the 24 hour drying period the colour of the RJ sample remained unchanged while the consistency had become vitreous.
Analysis of the samples, W VO -RI relationship
After performing the repeatability tests the two methods were applied to the analysis of 228 G. Sesta, L. Lusco Table I . Precision parameters obtained from the repeatability tests performed for the vacuum oven determination (% = g/100 g RJ, fresh weight) of water content and for the refractive index measurement (RIU = refractive index units).
Vacuum oven determination
Refractive 
Water content determination and uncertainty estimation
For honey, the water content is calculated from the RI measure by applying the equation of Wedmore (1955) :
(b) For each of the 27 RJ samples the water content W RI predicted by the experimental equation (a) and the water content W Wed predicted by the Wedmore equation (b) were calculated from the measured RI and reported in the last two columns of Table II. There was a strong correlation between W Wed values and W RI values (R 2 = 0.9999). The Wedmore equation (b) is therefore suitable for the determination of the water content of RJ.
To roughly evaluate the uncertainty on the water content estimated by applying the Wedmore equation on the RI measurements, the 27 predicted W wed values were compared with the experimentally determined W VO values which were characterized by a low repeatability uncertainty. By plotting the W Wed against the W VO and considering negligible the uncertainty on the W VO , we estimated the standard uncertainty on the W Wed from the residuals of the fit with a simple formula:
Thus the expanded uncertainty of W Wed at a 95% level of confidence is (considering 25 degrees of freedom for the standard uncertainty):
.09 g/100 g RJ. Table III reports the water values, according to Wedmore's formula, in function of the measured RI, in the range 50-70 % for the water content.
DISCUSSION
The reading of the refractive index for RJ is not so easy as it may be for honey, because of a blurred intersection between the dark and bright zones in the refractometer screen. However, the repeatability of the RI measure proved to be satisfactory (U r, 95% (RI) = 0.0003 RIU) and therefore suitable for assessing whether RI values could be usefully correlated to the RJ water content. With its low repeatability uncertainty (0.28 g/100 g RJ at 95% confidence level) the VO method proved to be a reliable reference for evaluating the fitness of the RI measure used to estimate the water content of RJ. When an oven temperature of 60
• C is used, even with the application of vacuum, a certain degree of browning, due to the Maillard reaction, is reported to occur (Garcia-Amoedo and Almeida-Muradian, 2002). The 48
• C temperature used in this study proved to be more conservative for the sample, as it left the colour of the sample unchanged, and also proved to be sufficient for drying as it avoided the formation of a superficial brown sugar crust that prevents complete evaporation.
In the work of Braines and Gamov (1962) , 45 experimental points (VO water content result vs. RI measure) were presented. Performing a basic statistical analysis of these data, the experimental points result very strongly correlated (R 2 = 0.9997) by a linear fit with a slope not very dissimilar (roughly 110%) from the one found in this work: W RI (%) = −540.7 × RI + 816.7. However, the intercept value of the fit on Braines and Gamov's data is higher than in our equation (a) which is reflected in the higher values (3.2%-3.9%) in their work compared to the present study. This difference may be due to some differences in oven drying conditions, probably higher temperature. The good correlation between the water content of royal jelly (R 2 = 0.9605) determined by vacuum oven and the refraction index measures allows to conclude that the refractometric evaluation of water content, already used for honey, may be employed for RJ. The linear relationship (a) we found provides water content values extremely similar to those obtained from the Wedmore equation (R 2 = 0.9999), that can therefore be reliably applied to RJ with a suitable level of uncertainty (U 95% (W Wed ) = 1.09%).
The refractometric measurement is a valid method for the evaluation of RJ water content, much simpler and faster than the gravimetric and Karl Fischer determinations. It is reliable enough for a rapid quality control check of the product and requires only inexpensive instruments. It is suggested that this new validated method become the standard method for determining the water content in RJ. In a next step the dependence of the refractometric measurement on the temperature should be established, as it is the case with the honey humidity refractometric determination.
